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$ODUP�6\VWHP�0DQXDO

3DJH���RI���

,QWURGXFWLRQ
7KH�REMHFWLYH�EHKLQG�WKH�$ODUP�6\VWHP�ZDV�WR�FUHDWH�D�UHOLDEOH�FRQWURO

V\VWHP� WKDW�ZLOO� RSHUDWH� JDV� V\VWHP� DQG� WDNH� VRPH� DFWLRQV� LQ� FDVH� RI� FHUWDLQ
DODUP� FRQGLWLRQV�� 7KH� $ODUP� 6\VWHP� �)LJ���� LV� EDVHG� RQ� ,QWHO� ����
PLFURFRQWUROOHU� UXQQLQJ� DW� DQ� �������� 0+]� FORFN� IUHTXHQF\�� ,W� KDV� �.E
QRQ�YRODWLOH�5$0�WR�NHHS�WKH�DODUPV�FRQILJXUDWLRQ�DQG�WKH�VWDWXV� LQIRUPDWLRQ
WKHUH��$QDORJ�VLJQDOV�IURP�WKH�VHQVRUV�JR�WKURXJK�WZR����FKDQQHO�PXOWLSOH[HUV
DQG�LQVWUXPHQWDWLRQ�DPSOLILHU�WR����ELW�$'&��ZKLFK�FDQ�EH�UHSODFHG�E\����ELW
RQH�� &38� WDNHV� FDUH� RI� KDQGOLQJ� WKHVH� VLJQDOV�� FRPSDULQJ� WKHP� WR� DODUP
WKUHVKROGV�� DQG� VHWV� FRUUHVSRQGLQJ� GLJLWDO� RXWSXW� VLJQDOV� YLD� IRXU� ��ZLUH
UHJLVWHUV�� ,Q� RUGHU� WR� EORFN� VRPH� DODUPV� D� NH\SDG� LV� XVHG�� $OO� WULJJHUHG� DQG
EORFNHG�DODUPV�DUH�LQGLFDWHG�RQ�WZR�OLQHV�/('�LQGLFDWRU��7KHUH�LV�D�VXSHUYLVRU
ZDWFK�GRJ�RQ�WKLV�ERDUG��ZKLFK�DWWHQGV�WR������SURJUDP�IDXOWV�DQG�UHVHWV�&38
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$ODUP�6\VWHP�0DQXDO

3DJH���RI���

DV� IDVW� DV� LQ� ����V� LQ� WKLV� FDVH�� $ODUP� V\VWHP� FDQ� EH� FRQQHFWHG� WR� 3&� YLD
VWDQGDUG�56�����SRUW�
7R FKDQJH�EORFNLQJ�RI�DQ\�SDUWLFXODU�DODUP�RQH�VKRXOG�HQWHU�WKH�QXPEHU
RI WKLV� DODUP� ���Þ���� DQG� SUHVV� >@� EXWWRQ� RQ� NH\SDG�� ZKLOH� >�@� EXWWRQ
XQEORFNV FXUUHQW�DODUP��2QH�FDQ�EORFN�RU�XQEORFN�DOO�DODUPV� WRJHWKHU�E\
HQWHULQJ� ³��´� DV� DODUP� QXPEHU� DQG� SXVKLQJ� >@� RU� >�@� EXWWRQ� �7RWDO
%ORFNLQJ� �

$ODUPV�KDQGOLQJ
$ODUPV� KDQGOLQJ� DOJRULWKP� LV� VKRZQ� LQ� )LJ���� (DFK� DQDORJ� VLJQDO� LV

UHDG�E\�WKH�&38��DYHUDJHG�E\�FHUWDLQ�VDPSOHV��DQG�FRPSDUHG�ZLWK�WKH�WKUHVKROG
ZLWK� DQ� DSSURSULDWH� VLJQ� RI� FRPSDULVRQ� �³�´� RU� ³!´��� ,I� DQ� DODUP�RFFXUUHG� DW
WKLV� VLJQDO� �DQDORJ� YDOXH� H[FHHGV� WKH� WKUHVKROG��� WKH� SURJUDP� OLJKWV� FRUUHFW
/('�� 7KHQ� LW� WDNHV� LQWR� DFFRXQW� WKH� EORFNLQJ� VWDWXV� RI� WKH� FXUUHQW� DODUP�� ,I
DODUP�LV�QRW�EORFNHG��VRIWZDUH�WDNHV�DSSURSULDWH�DFWLRQ�E\�FKDQJLQJ�WKH�GHIDXOW
VWDWH� RI� WKH� GLJLWDO� RXWSXWV�� ,Q� FDVH� RI� WKH� EORFNHG� DODUP�� SURJUDP� MXVW� OLJKWV
ERWK�/('�IRU�WKLV�DODUP��$/$50�/('�DQG�%/2&.�/('��DQG�WULHV�WR�UHWXUQ
GLJLWDO� RXWSXWV� WR�GHIDXOW� VWDWH� LI� LW
V� DOORZHG� E\� RWKHU� FKDQQHOV�� ,I� DODUPHG
DQDORJ�VLJQDO�UHWXUQV�WR�LW¶V�QRUPDO�UDQJH��V\VWHP�WULHV�WR�UHWXUQ�GLJLWDO�RXWSXWV
WR�QRQ�DODUP�VWDWH� DJDLQ�FRQVLGHULQJ�RWKHU�DODUPHG�FKDQQHOV�
7KH '()$8/7�VWDWH�LV�D�VSHFLDO�GLJLWDO�RXWSXWV�SDWWHUQ��ZKLFK�DOORZV�IXOO
FRQWURO�RI�WKH�JDV�V\VWHP�E\�D�FRPSXWHU��,Q�WKLV�VWDWH�� LI�FRPSXWHU�GRHVQ¶W
VZLWFK�RQ�DQ\�GHYLFH��QR�GHYLFHV�DUH�VZLWFKHG�RQ��EXW�FRPSXWHU��LV�DEOH�WR
WXUQ RQ�DQ\�RI�WKHP��,Q�RWKHU�ZRUGV��$ODUP�6\VWHP�GRHVQ¶W�ORFN�DQ\�GHYLFH�
7KLV PHDQV� WKDW� LQ� FDVH� RI� WRWDO� EORFNLQJ� �FRGH� ���� JDV� V\VWHP� EHFRPHV
IXOO\�FRQWUROODEOH�E\�D�3&�

7KH�LGHD�ZDV�DV�IROORZV��,I�DODUP�LV�QRW�EORFNHG�DQG�WKHUH�LV�DQ�DODUP
VLWXDWLRQ� LQ� VRPH� FKDQQHO� �VRPH� SDUDPHWHU� H[FHHGV� WKH� WKUHVKROG�� WKH� FRGH
FKDQJHV�WKH�GHIDXOW�VWDWH�RI�WKH�GLJLWDO�RXWSXWV�RQO\�LQ�WKH�PHPRU\��DQG�VWRUHV



$ODUP�6\VWHP�0DQXDO

3DJH���RI���

67$57

,QLWLDOL]DWLRQ

5HDG�DQDORJ�
VLJQDO

�ZLWK�DYHUDJLQJ�

,V�WKHUH�$ODUP"

$ODUP�/('
OLJKW

$ODUP�/('�
FOHDU

$ODUP�EORFNHG"
%ORFN�/('�

OLJKW

%ORFN�/('�
FOHDU

6HW�2XWSXWV
WR�DODUP�VWDWH

5HPHPEHU
DIIHFWHG�RXWSXWV

6HW�2XWSXWV��
ZKLFK�DUH�QRW

DIIHFWHG�E\�RWKHU
DODUPV��WR

DODUP�UHWXUQ�VWDWH

1R

<HV

1R

<HV

1H[W�DQDORJ
VLJQDO

/DVW�VLJQDO"

8SGDWH�'LJLWDO
2XWSXWV

<HV

1R

6HW�2XWSXWV��
ZKLFK�DUH�QRW

DIIHFWHG�E\�RWKHU
DODUPV��WR

GHIDXOW�VWDWH

)LJ�����$ODUPV�KDQGOLQJ�DOJRULWKP

LQ�WKH�PHPRU\�ZKLFK�RXWSXWV�LW�FKDQJHG��,I�WKHUH�LV�QR�DODUP��WKH�FRGH�FKDQJHV
RQO\�WKRVH�RXWSXWV��ZKLFK�ZHUH�QRW�DODUPHG�E\�WKH�SUHYLRXV�FKDQQHOV��PDNLQJ
XVH RI�WKH�VWRUHG�OLVW�RI�WKH�FKDQJHG�RXWSXWV��6R�WKH�RXWSXWV�ZKLFK�FKDQJHG�WKHLU
VWDWHV�EHFDXVH�RI�WKH�DODUP�DUH�QRW�DIIHFWHG�E\�WKH�DODUP�UHFRYHU\�SURFHGXUH��LI
ZH FRQVLGHU� D� VLQJOH�SURFHVVLQJ� �KDQGOLQJ��F\FOH��2QO\�DIWHU�SURFHVVLQJ�RI� DOO
WKH�FKDQQHOV�WKH�UHVXOW�RI�WKHLU�LQIOXHQFH�XSRQ�WKH�GLJLWDO�RXWSXWV�UHDOO\�FRPHV
RXW�RI�WKH�PHPRU\��7KLV�HOLPLQDWHV�ZURQJ�GLJLWDO�RXWSXW�VWDWHV�DQG�³IODVKLQJ´�RI
WKHVH�VLJQDOV�



$ODUP�6\VWHP�0DQXDO

3DJH���RI���

3&�VRIWZDUH�DQG�DODUPV�FRQILJXUDWLRQ
$ODUP� 6\VWHP� SURYLGHV� UHOLDEOH� 56����� GDWD� H[FKDQJH� LQ� RUGHU� WR

FKDQJH�DODUPV�FRQILJXUDWLRQ�DQG�UHDGLQJ�V\VWHP�VWDWXV��7KH�VRIWZDUH�IRU�3&�LV
GHYHORSHG� IRU�:LQGRZV�SODWIRUP��7KH�ZLQGRZ�RI� WKLV�SURJUDP�KDV� IRXU� WDEV�
RQH� IRU� UHDGLQJ�$ODUP� 6\VWHP� VWDWXV� �)LJ�� ���� VHFRQG� IRU� FRQILJXULQJ� DODUPV
�)LJ�� ���� WKLUG� IRU� $QDORJ� ,QSXWV� WHVW� �)LJ�� ���� DQG� IRXUWK� IRU� YDOYHV
FRQILJXUDWLRQ��)LJ�����

7KH� ³6\VWHP� SDUDPHWHUV´� WDE� LQFOXGHV� VPDOO� FRPPXQLFDWLRQ� VHWXS�
8VHU� PXVW� VHOHFW� &20� SRUW� FRQQHFWHG� WR� $ODUP� 6\VWHP�� 7KH� VSHHG� RI� GDWD
H[FKDQJH�LV�DOZD\V�VHW�WR������E�V��3URJUDP�ZLOO QRW�FRPPXQLFDWH�ZLWK�$ODUP
6\VWHP� ZLWKRXW� FRQQHFWLQJ� WR� DSSURSULDWH� &20� SRUW�� ,I� SURJUDP� GHWHFWV� DQ

)LJ�����³6\VWHP�SDUDPHWHUV´�WDE�



$ODUP�6\VWHP�0DQXDO

3DJH���RI���

$ODUP�6\VWHP�FRQQHFWHG�WR�VSHFLILHG�SRUW��LW�GLVSOD\V�LQWHUQDO�VRIWZDUH�YHUVLRQ
RI� WKLV� V\VWHP�� 3RUW� ZLOO� EH� DXWRPDWLFDOO\� GLVFRQQHFWHG� LQ� ��� VHFRQGV� LI� QR
$ODUP� 6\VWHP� REVHUYHG� RQ� WKLV� SRUW�� 7KH� ³5HDG� V\VWHP� SDUDPHWHUV´� EXWWRQ
UHDGV�$ODUP�6\VWHP�VWDWXV�LQIRUPDWLRQ��,W�XSGDWHV�WKH�IROORZLQJ�SDUDPHWHUV�
� 8S WLPH�±�WKH�WLPH�VLQFH�ODVW�SRZHU�XS�
� :' UHVHWV�±�ZDWFK�GRJ�FRXQWHU��QXPEHU�RI�:'�UHVHWV�VLQFH�ODVW�SRZHU�XS�
� $YHUDJLQJ�E\�±�QXPEHU�RI�DQDORJ�VLJQDO�VDPSOHV�WR�DYHUDJH�E\�
� 9DOYHV�VWDWH�±�FXUUHQW�VWDWH�RI�DOO�GHYLFHV�FRQQHFWHG�WR�$ODUP�6\VWHP
� 3K\VLFDO�YDOXHV�DQG�YROWDJHV�RI�DQDORJ�VLJQDOV�
7KH ³9DOYHV�DQG�GHYLFHV� VWDWH´� ER[�PD\�EH�XVHG� WR�PDQXDO� FRQWURO� HDFK
SDUWLFXODU�GHYLFH��EXW�ZLOO�QRW�DIIHFW�GHYLFHV��DFWLYDWHG�E\�DQ�DODUP��$FWXDOO\
LW FKDQJHV� WKH� '()$8/7� VWDWH�� VR� EH� FDUHIXO� ZLWK� WKLV� FRQWURO�� &XUUHQW
'()$8/7� VWDWH� ZLOO� EH� VKRZQ� LQ� WKLV� ZLQGRZ�� LI� RQH� UHDGV� V\VWHP
SDUDPHWHUV RI� WRWDO�EORFNHG� �FRGH�����$ODUP�6\VWHP��EHFDXVH� LQ� WKLV� FDVH
DFWXDO�VWDWH�RI�DOO�GLJLWDO�RXWSXWV�LV�WKH�VDPH�DV�LQ�WKH�'()$8/7�VWDWH�

%HVLGHV��XVHU�FDQ�FKDQJH�DYHUDJLQJ�QXPEHU�XVLQJ�D�WUDFNEDU�DW�ERWWRP
RI�WKH�ZLQGRZ�DQG�³6HW�$9*´�EXWWRQ��7KLV�YDOXH�ZLOO�EH�WDNHQ�LQWR�DFFRXQW�LQ
WKH� QH[W� DODUP� KDQGOLQJ� F\FOH�� 7LPH� UHTXLUHG� IRU� RQH� ���FKDQQHO� F\FOH� DV
IXQFWLRQ�RI�DYHUDJLQJ�QXPEHU�LV�JLYHQ�LQ�WDEOH���

7DEOH����&\FOH�WLPH�IRU�GLIIHUHQW�DYHUDJLQJ�QXPEHUV
$YHUDJH�E\ 7LPH��PV
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$ODUP�6\VWHP�0DQXDO

3DJH���RI���

7KH�³$ODUPV�FRQILJXUDWLRQ´�WDE��)LJ����LV�XVHG�WR�FRQILJXUH�DODUPV�DQG
DFWLRQV�WR�EH�WDNHQ�LQ�FDVH�RI�DQ\�SDUWLFXODU�DODUP��)RU�HYHU\�DODUP�XVHU�LV�DEOH
WR�FKDQJH�

� $ODUP� HYHQW� QDPH� ±� WKLV� VWULQJ� LV� XVHG� RQO\� LQ� WKH� 3&� SURJUDP� IRU� EHWWHU
XQGHUVWDQGLQJ�ZKDW�WKLV�DODUP�LV�XVHG�IRU��LQVWHDG�RI�QXPEHUV�LQ�$ODUP�6\VWHP

� /HYHO�±�DODUP�WKUHVKROG��([FHHGLQJ�WKLV�WKUHVKROG�DQDORJ�VLJQDO�YDOXH�FDXVHV�DQ
DODUP

� 8QLW�± RQO\�LQ�3&�SURJUDP��XQLWV�RI�SK\VLFDO�YDOXH�RI�WKLV�DQDORJ�VLJQDO
� .$�± $�FRHIILFLHQW�IRU�FDOFXODWLQJ�SK\VLFDO�YDOXH�IURP�YROWDJH��3&�RQO\
� .%�± %�FRHIILFLHQW�IRU�FDOFXODWLQJ�SK\VLFDO�YDOXH�IURP�YROWDJH��3&�RQO\
� 'HYLFHV�FRQILJXUDWLRQ�± DODUP�DFWLRQ��VHH�IXUWKHU�GHVFULSWLRQ
� $ODUP�WKUHVKROG�VLJQ�±�DODUP�FRPSDULVRQ�VLJQ

)LJ�����³$ODUPV�FRQILJXUDWLRQ´�WDE�



$ODUP�6\VWHP�0DQXDO

3DJH���RI���

$ODUP�QDPHV��SK\VLFDO�YDOXH�XQLWV��FRHIILFLHQWV�DUH� LQWHQGHG�WR�DSSHDU�RQO\�LQ
3& SURJUDP�� 9ROWDJH� LV� FDOFXODWHG� IURP� SK\VLFDO� YDOXH� E\� WKH� IRUPXOD�

( ) .%.$96 µ-= � ZKHUH� 6� LV� SK\VLFDO� YDOXH�� 9� �� YROWDJH�� .$� DQG� .%� ±
FRHIILFLHQWV�

6ROHQRLG�YDOYHV�DQG�GHYLFHV�FRQILJXUDWLRQ�DOORZV�RQH�WR�FXVWRPL]H�WKH
DODUP�DFWLRQ��,I�DQ�DODUP�RFFXUUHG��WKH�UHG�YDOYHV�ZLOO�EH�FORVHG�DQG�UHG�GHYLFHV
ZLOO�EH�WXUQHG�RII��*UHHQ�YDOYHV�ZLOO�EH�RSHQ��JUHHQ�GHYLFHV�ZLOO�EH�WXUQHG�RQ�
*UD\ YDOYHV�DQG�GHYLFHV�ZLOO QRW�EH�DIIHFWHG�LQ�FDVH�RI�WKLV�SDUWLFXODU�DODUP��)RU
H[DPSOH��LQ�WKH�YDOYHV�FRQILJXUDWLRQ�VKRZHG�RQ�)LJ�����69���DQG�69���ZLOO�EH
FORVHG��69���ZLOO�EH�RSHQ�ZKLOH�DOO�RWKHU�YDOYHV�ZLOO�QRW�EH�DIIHFWHG��L�H��WKHLU
VWDWH�ZLOO�EH�LQWDFW�

³5HDG´� EXWWRQ� GRZQORDGV� FXUUHQW� DODUP� FRQILJXUDWLRQ� IURP� $ODUP
6\VWHP�� ³:ULWH´� EXWWRQ� XSORDGV� LW� WR� $ODUP� 6\VWHP�� 1RWH WKDW� &20� SRUW
VKRXOG�EH�RSHQ�EHIRUH�WKHVH�RSHUDWLRQV� 8VHU�FDQ�VDYH�FXUUHQW�FRQILJXUDWLRQ�WR
5HJLVWU\� �LW� LV� GRQH� DXWRPDWLFDOO\� ZKHQ� ZLQGRZ� FORVHV��� VDYH� DQG� ORDG� LW
WR�IURP�ELQDU\�ILOH��%HVLGHV��³7;7´�EXWWRQ�H[SRUWV�DODUP�FRQILJXUDWLRQ�WR� WH[W
ILOH� DV� WDEOH� ZLWK� DODUPV� LQ� URZV� DQG� YDOYHV� VWDWH� LQ� FROXPQV�� ZKLFK� FDQ� EH
H[WUHPHO\�XVHIXO� IRU�DQDO\]LQJ� LQ�06�([FHO� WR�VHH� WKH�ZKROH�FRQILJXUDWLRQ�RI
DOO�WKH�DODUPV�RQ�RQH�SDJH�



$ODUP�6\VWHP�0DQXDO

3DJH���RI���

$QDORJ�,QSXWV�WHVW
7KHUH� LV� VSHFLDO� IHDWXUH� LPSOHPHQWHG� LQ� WKH� VRIWZDUH� WR� FKHFN� QRLVH

SURWHFWLRQ� RI� DQDORJ� LQSXW� FKDQQHOV� �)LJ�� ���� :KHQ� WKLV� PRGH� LV� DFWLYDWHG�
$ODUP� 6\VWHP� &38� LV� VHQGLQJ� DOO� ��� GLJLWL]HG� DQG� DYHUDJHG� DQDORJ� VLJQDOV
RQFH� SHU� DODUP� KDQGOLQJ� F\FOH�� 7KH� QXPEHU� RI� VXFK� VDPSOHV� LV� JLYHQ� E\� 3&
VRIWZDUH�DQG�PD\�QRW�H[FHHG������UHVWULFWHG�WR���Þ��� E\�3&�VRIWZDUH���7KLV
DOORZV� RQH� WR� LQYHVWLJDWH� GHSHQGHQFH� RI� WKH� VWDWLVWLFDO� HUURU� RQ� DYHUDJLQJ
FRQVWDQW�

7KH�UHVXOWV�RI�WKH�DYHUDJHG�VDPSOH�PHDVXUHPHQWV�DUH�VKRZQ�RQ�)LJ���
DQG�7DEOH���� ,W� LV�REYLRXV�WKDW�GLVSHUVLRQ�GHFUHDVHV�ZLWK�LQFUHDVLQJ�QXPEHU�RI
VDPSOHV� ZKLFK� VLJQDO� LV� DYHUDJHG� E\�� 7KHUH� LV� QR� QHFHVVLW\� WR� LQFUHDVH� LW

)LJ�����³$QDORJ�,QSXWV�WHVW´�WDE�



$ODUP�6\VWHP�0DQXDO

3DJH����RI���

RYHU���� IRU� VLJQDOV�ZLWK� ORZ� QRLVH�� EHFDXVH� WKH� GLVSHUVLRQ� LV� DOPRVW� FRQVWDQW
WKHUH��%HVLGHV��PHDVXUHG�YDOXH�JRHV�KLJKHU�ZLWK�LQFUHDVLQJ�DYHUDJLQJ�QXPEHU�
ZKLFK� LV� UHJXODU� DQG� UHIOHFWV� D� FDOFXODWLRQ� HUURU�GXULQJ� DYHUDJLQJ��7KDW� LV� QRW
LPSRUWDQW� IRU� WKH� $ODUP� 6\VWHP� LWVHOI�� EHFDXVH� WKH� VKLIW� RI� WKH� YDOXHV� LV
QHJOLJLEOH������P9��DQG�FRPSDUDEOH�WR�PHDVXUHPHQW�HUURU���P9�

7DEOH����'LVSHUVLRQ�IRU�GLIIHUHQW�DYHUDJLQJ�QXPEHUV
$YHUDJH�E\ � � � � �� �� �� ���
'LVSHUVLRQ��$'&�XQLWV �� �� �� � � � � �
'LVSHUVLRQ��P9 ���� ���� ���� ���� ���� ���� ���� ����

6DPSOHV�$YHUDJLQJ
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$9*��� $9*���

$9*��� $9*����

)LJ�����6DPSOHV�ZLWK�GLIIHUHQW�DYHUDJLQJ�



$ODUP�6\VWHP�0DQXDO

3DJH����RI���

9DOYHV�FRQILJXUDWLRQ
,Q�RUGHU�WR�PDNH�DODUPV�VHWXS�HDVLHU��WKH�VRIWZDUH�RSHUDWHV� UHDO�YDOYH

QDPHV� DQG� SURSHUWLHV�� 7KLV� LQIRUPDWLRQ� PD\� EH� FKDQJHG� RQ� ³9DOYHV´� WDE
�)LJ������ )RU� HDFK� YDOYH� XVHU� FDQ� VHW� QDPH� DQG� W\SH� RI� YDOYH� �RU� GHYLFH��
QRUPDOO\� FORVHG� RU� QRUPDOO\� RSHQ�� )RU� GHYLFHV� RSHQ� VWDWH� PHDQV� WXUQHG� RQ
ZKLOH�FORVHG�VWDWH�PHDQV�WXUQHG�RII��$OO�LQIRUPDWLRQ�FDQ�EH�VWRUHG�LQ�UHJLVWU\�RU
VDYHG�ORDGHG�LQWR�IURP�ELQDU\�ILOH�

)LJ�����9DOYHV�VHWXS�



$ODUP�6\VWHP�0DQXDO

3DJH����RI���

&RQFOXVLRQ
'XULQJ� WHVWV� DQG� PHDVXUHPHQWV� $ODUP� 6\VWHP� DSSHDUV� WR� EH� YHU\

UHOLDEOH�DQG�VWDEOH�GHYLFH��)RU� LQVWDQFH�� V\VWHP�KDG�EHHQ�ZRUNHG�RYHU���GD\V
�)LJ�� ���ZLWK� QR�ZDWFKGRJ� UHVHWV�� L�H�� QR� �����&38� VRIWZDUH� IDXOWV�� )OH[LEOH
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